The purpose of this research is to present a methodology for analyzing the system reliability of the non-repairable multi-state system (NMSS) which the failure rate is Weibull distribution with uncertainty time. The vagueness coefficient with a triangular membership function is applied to analysis of the NMSS problem. From the proposed method, the fuzzy system reliability of NMSS is established with an assumption that failure rates is a fuzzy Weibull distribution. Finally, some numerical examples are presented to illustrate how to calculate the fuzzy system reliability of NMSS.
Introduction
In real application, multi-state system (MSS) models is widely used for the reliability evaluation of complex systems. Because of multi-state system models have accuracy and versatility for modelling of system conditions more than a binary state system models. The continuous-time discrete state of stochastic process is use to development a multi-state system [1] . For these reason, many researchers have been studied about multi-state system reliability modeling and evaluation theory. Such as, Anatoly [2] presented a new method for reliability evaluation for the repairable multi-state system considering such kind of redundancy. Tian et al. [3] presented an approach for finding the optimal variables for each subsystem of a multi-state series-parallel system. Li et al. [4] constructed a heterogeneous redundancy optimization approach for multi-state series-parallel systems subject to common cause failures. Makrides and Karagrigoriou [5] presented an approach for estimating the intensity rates and transition probabilities of multi-state system via output performance observations using Weibull distribution. Liu, Huang and Levitin [6] considered the fuzzy transition intensities and performance rates for a multi-state system under a continuous-time Markov model. Liu and Huang [7] proposed the fuzzy multi-state system when the transition and performance rates of multi-state system are uncertain. The parametric programming technique is used to illustrate and verify the effectiveness of reliability assessment of a multi-state system. Bamrungsetthapong and Pongpullponsak [8] presented a method to construct an interval estimation of fuzzy multi-state system reliability. Coverage probabilities and expected lengths are used to verify the performance of the fuzzy confidence interval. Bamrungsetthapong and Pongpullponsak [9] presented an approach to construct the fuzzy Bayesian point estimate of fuzzy multi-state system reliability which the failure rate is exponential distribution. Bamrungsetthapong and Pongpullponsak [10] purposed a hybrid method between point estimation and interval estimation for the fuzzy system reliability for the non-repairable multi-state series-parallel system.
The Weibull distribution is known to have wide applications for survival analysis and reliability theory Reliability analysis for the Weibull distribution and its generalization has been discussed by several authors. Many researches are supposing transition and performance rates of multi-state system are Weibull distribution. Sometimes, the data cannot be measured and recorded accurately. Therefore, the researchers used fuzzy sets to overcome this problem with the reliability analysis. Karpisek et al. [11] presented two fuzzy reliability models based on the Weibull fuzzy distribution. Baloui Jamkhaneh [12] evaluated the system reliability when the lifetime of components is a fuzzy exponential distribution. Baloui Jamkhaneh [13] presented the system reliability model by using fuzzy Weibull lifetime distribution. Han et al. [14] constructed a statistical model of the accelerated life testing under fuzzy Weibull distribution.
In this research, the application of fuzzy number based on the system reliability models and Markov processes that compose of multi-state components are studied. Using the proposed method, the fuzzy system reliability of the NMSS model with an assumption that the failure rates is fuzzy Weibull distribution. In the numerical example, Fuzzy system reliability for the simple NMSS model is calculated. By considering that the uncertainty data has a different spread. In addition, the fuzzy Weibull probability function with a failure rate that decreasing and increasing with time are compared.
Theoretical and methodology 2.1 Non-repairable multi-state elements
In this section, a non-repairable multi-state element is considered. Suppose that this model have only minor failures that cause element transition from state i to the adjacent state j [15] . The intensity of any transition from state i to state j is denoted by
. A simple state-space diagram for transitions corresponding to minor failures is presented in Figure 1 .
Figure 1
The state-space diagram of NMSS with minor failures.
be the probability for the system to stay at state i at time t . The Chapman-Kolmogorov equation is defined by
Consequently, the initial conditions are denoted by (0  at any time t . Therefore, the system reliability function is
Weibull distribution with fuzzy random variable
The Weibull distribution is widely used in reliability models. This is used to model the behavior of units that have increase or decrease failure rates with time. Moreover, Weibull distribution can take on the characteristics of other types of distribution based on the value of the shape parameter. In this paper, the two parameters Weibull distribution is considered. The probability distribution function (p.d.f.) of two parameters Weibull is defined by
where the scale parameter is denoted by  and the shape parameter is denoted by 
Let L v be the minimum value of vagueness coefficient and U v be the maximum value of vagueness coefficient, where 01 LU vv    respectively. The vagueness coefficient is defined by the spread of crisp value as shown in Figure 2 . Then, the interval of vagueness coefficient is defined by  cuts can be written as, 
Non-repairable multi-state elements with fuzzy Weibull distribution
Based on the multi-state element of a NMSS model takes the forms shown in Figure 1 . Let t be value of fuzzy random variable T which it is time that the system to stay at state i . Therefore, the state probability of elements at time t must also be fuzzy value   
Therefore, the fuzzy reliability of NMSS in form of  cut is given by
Illustrative Example
In this section for illustrative purposes a non-reparable multi-state systems have only three states are considered. Suppose that time cannot be precisely recorded due to human error or machine error. In each state, it has a Weibull failure rate which fuzzy time t as show in Figure 3 . The vagueness coefficient are applied to describe the membership function of fuzzy Weibull failure rate. Suppose that scale parameter  of Weibull distribution equal to 1 and consider the effect of different values of shape parameter  with 01   and 1   . 
The method of linear system can be applied to fine the fuzzy state probabilities 1 () 
Conclusion and Discussion
In this research, the vagueness coefficient with fuzzy number is used to construct the fuzzy system reliability of NMSS. The failure rate of multi-state system is supposed to be Weibull distribution with uncertainty time. As presented above, the fuzzy system reliability of NMSS with fuzzy Weibull probability function   , W  is created. In example, fuzzy system reliability for NMSS is calculated. The fuzzy Weibull probability function with a failure rate that decrease   1   with time and a failure rate that increase   1   with time are compared. Considering that the uncertainty data has spread 5% and 15%. The result shows that, the more data spread to make wider of intervals of the fuzzy system reliability of NMSS. Moreover, considering the proposed model when time is increasing. It can conclude that the model with decreasing failure rates has the value of fuzzy reliability higher than the model with increasing failure rates.
